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Apparatus For Optical Pumping of a Laser- Active Solid Body 

CLAIM OF PRIORITY 

This application claims priority under 35 USC §120 to PCT Application Serial No. 
PCT/EP 02/08409, filed on July 27, 2002, and German Application Serial No. DE 101 37 
069.5, filed on July 28, 2001, the entire contents of which are hereby incorporated by 
reference. 

TECHNICAL FIELD 

The invention relates to a device for optically pumping a rod- or slab-shaped, laser- 
active, solid body with pumping light that is coupled into the solid body at a front side of the 
solid body and is distributed by reflection. 

BACKGROUND 

Referring to Fig. 5, in a known optical pumping device 50, focused pumping light 51 
is coupled into a rod-shaped Nd:YAG laser crystal 52 at the front side of the crystal 52. The 
coupled pumping light 54 is totally reflected at the inner side of the polished lateral surface 
53 of the laser crystal 52, and is thereby guided within the laser crystal 52 until it is largely 
absorbed, such that the crystal is optically pumped over its entire length, but the crystal 
volume is not completely utilized. 

However, the multiple total reflection produces local points of increased pumping 
power density in the laser crystal, which produce a strong thermal disturbance in these areas 
of the laser crystal, which, in turn, results in strong detuning of the optical resonator and 
limits the usable pumping power. Moreover, the polished lateral surface can generate so- 
called amplified stimulated emission ("ASE") and parasitic modes that have a strong 
negative influence on the laser efficiency and laser beam quality. 

SUMMARY 

A laser-active solid body can be surrounded by a reflector for reflecting pumping light 
that exits through a lateral surface of the solid body, such that the pumping light re-enters the 
solid body in a diffusely distributed fashion. 

In a first general aspect, an apparatus for optically pumping a laser-active solid body 
with pumping light coupled into the solid body through an end surface of the solid body is 
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disclosed. The apparatus includes a laser-active solid body including an end surface though 
which pumping light is coupled into the solid body and a lateral surface through which 
pumping light exits the solid body, a reflector surrounding the laser-active solid body at a 
distance from the lateral surface of the solid body for reflecting light that exists the solid 
5 body back towards the solid body, and a surface for diffusing light that is coupled into the 

solid body through the end surface of the solid body and that exits the solid body through the 
lateral surface. The surface is selected from the group consisting of the lateral surface and a 
surface of the reflector. 

Implementations can include one or more of the following features. For example, the 
10 surface for diffusing light can be the lateral surface. The reflector can have a surface that 
diffusely reflects the exiting pumping light or a mirror-like reflecting smooth surface for 
reflecting the exiting pumping light. 

The surface for diffusing light can be the surface of the reflector. The lateral surface 
of the solid body also can have a surface that diffuses the exiting pumping light, or the lateral 
15 surface of the solid body can have a mirror-like smooth surface. The apparatus can further 
include a medium disposed on the outside of the lateral surface having a higher refractive 
index than the solid body. The medium can be disposed in the form a layer on the lateral 
surface. The reflector can have a surface that diffusely reflects exiting pumping light. 

A cooling medium flows through a gap between the solid body and the reflector, and 
20 the cooling medium can be water. 

At least 3% of the pumping light coupled into the solid body though the end surface 
can be diffusely distributed in the solid body. At least 20% of the pumping light coupled into 
the solid body though the front side can be diffusely distributed in the solid body. At least 
40% of the pumping light coupled into the solid body though the front side can be diffusely 
25 distributed in the solid body. 

The details of one or more embodiments of the invention are set forth in the accompa- 
nying drawings and the description below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

30 Fig. 1 is a cross-sectional view of an optical pumping device having a laser-active 

solid body with matted lateral surface and with a diffusely reflecting reflector. 
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Fig. 2 is a cross-sectional view of an optical pumping device having a laser- active 
solid body with matted lateral surface and with a mirror-like reflector, as opposed to a 
diffusely reflecting reflector. 

Fig. 3 is a cross-sectional view of an optical pumping device having a laser-active 
5 solid body with a polished lateral surface, a layer on the surface that has a higher refractive 
index than the solid body, and a diffusely reflecting reflector. 

Fig. 4 is a cross-sectional view of an optical pumping device having a laser-active 
solid body with a matted lateral surface and a reflecting layer on the matted lateral surface. 

Fig. 5 is a cross-sectional view of an optical pumping device in which pumping light 
10 coupled into a solid body is totally internally reflected at a polished lateral surface of the 
solid body. 

Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

The device 1 shown in Fig. 1 serves for optical pumping a rod-shaped, laser-active 

15 solid body 2, e.g., of a Nd:YAG crystal. Additionally, for example, laser crystals of quasi- 
homogeneous doped volume material, composite crystals with segments of different doping, 
gradient-doped crystals and gradient-doped sintered, polycrystalline laser ceramics may be 
used as laser-active solid bodies 2. Focused pumping light 3 of one or more laser diodes is 
coupled into the solid body 2 through one or both end surfaces 4. One end surface 4 can be 

20 designated as a front surface. The pumping light 3 is thereby preferably focused through the 
end surface(s) 4 into a non-doped end region of the solid body 2. The solid body 2 is 
surrounded by a diffusely reflecting reflector 5 thereby forming an annular space or annular 
gap 6 between the body 2 and the reflector 5. The lateral surface 7 of the solid body 2 is 
matted or roughened such that the coupled pumping light 3 is not totally reflected at the 

25 lateral surface 7, and light beams 8 of the coupled pumping light that impinge on the lateral 
surface 7 exit as diffuse light 9 into the annular gap 6. Lateral surface 7 has a surface quality 
that diffusely distributes penetrating pumping light 3 and reduces total internal reflection of 
the coupled pumping light 8 and spatially homogenizes the pumping light. The surface 
quality of the lateral surface 7 also effectively suppresses formation of amplified stimulated 

30 emission and parasitic modes. The lateral surface is, for example, partially or completely 
roughened (e.g., matted) or structured such that at least 3%, e.g., at least 20%, or at least 
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40%, of the pumping light, coupled at the front side, exits through the lateral surface to the 
outside. 

The light beams 10 of the diffuse light 9 are reflected as diffuse light 1 1 at the 
reflector 5 back toward the lateral surface 7. The reflected light beams 12 of the diffuse light 
5 1 1 each re-enter solid body 2 through the matted lateral surface 7 in the form of diffuse light 
13. The beam guidance described is repeated for the light beams 14 of the coupled diffuse 
light 13 until they are largely absorbed in the solid body 2. The diffuse distribution of the 
pumping light in the solid body 2 provides homogeneous distribution of the pumping light in 
the solid body, and the pumping light power density reaches no local excesses, thereby 

10 reducing the thermal disturbance in the solid body 2. 

The diffuse distribution of the reflected pumping light 13 and the resulting 
homogeneous illumination of the solid body 2 produce no local excess in the pumping light 
power density within solid body 2, thereby reducing the thermal disturbance in the solid body 
2. This results in an optical resonator that is only slightly detuned and that becomes instable 

15 only with very high pumping power. Thus, high pumping power can be achieved, which 
increases the extraction of power from the laser-active solid body 2. A reduction of the 
length of the solid body, increased doping in the solid body, and improved laser beam quality 
with the same laser power can also achieved due to the homogenous illumination of the laser- 
active solid body 2. 

20 The annular gap 6 is sealed at the ends from the outside by annular seals 15, and a 

cooling liquid (e.g., water) flows through the gap 6 to cool the solid body 2. The lateral 
surface 7 is polished at the ends cooperating with the annular seals 15 to improve the sealing 
effect. 

The optical pumping device 20 shown in Fig. 2 differs from the optical pumping 
25 device 1 by a reflector 21 that reflects impinging light like a mirror. The light beams 10 of 
the diffuse light 9 exiting the matted lateral surface 7 are each reflected as light beams 22 
reflected at the reflector 21 and coupled as diffuse light 23 into the solid body 2 through the 
matted lateral surface 7. The described beam guidance is repeated for the light beams 24 of 
the coupled diffuse light 23 until they are largely absorbed in the solid body 2. 
30 The pumping device 30 of Fig. 3 differs from the optical pumping device 1 in that a 

layer 31 on the outside of the totally reflecting polished lateral surface 7 of the solid body 2 
has a higher refractive index than the solid body 2, which reduces the total internal reflection 
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of light beams 8 within the solid body 2. Similarly, for example, the annular gap 6 between 
the lateral surface 7 and the reflector 5 can be filled with a medium having a higher index of 
refraction than the solid body 2. For this reason, light beams 8 of the coupled pumping light 
that impinge on the inner side of the lateral surface 7 exit through the polished lateral surface 
5 7 and the layer 3 1 into the annular gap 6 as light beams 32 and are subsequently reflected at 
the diffusely reflecting reflector 5 in the form of diffuse light 33 back towards the lateral 
surface 7. The light beams 34 of the diffuse light 33 re-enter as light beams 35 the solid body 
2 through the layer 31 and the lateral surface 7. The described beam guidance is repeated for 
the light beams 35 until they are largely absorbed in the solid body 2. 

10 In the optical pumping device 40 shown in Fig. 4, the matted or roughened lateral 

surface 7 of the solid body 2 is provided with a reflecting layer 41 . Light beams 8 of the 
coupled pumping light which impinge on the lateral surface 7 are diffusely distributed at the 
matted lateral surface 7 and reflected as diffuse light 42 by the reflecting layer 41 back to the 
solid body 2. The described beam guidance is repeated for the light beams 43 of the diffuse 

15 light 42 until they are largely absorbed in the solid body 2. 

In the optical pumping arrangements described above, at least 3%, 20%, or 40%, of 
the front-side coupled pumping light 3 is diffusely distributed in the solid body 2. For 
example, at least 3%, 20%, or 40% of the light energy coupled into the front side 4 of the 
solid body can be absorbed in the solid body 2 after being diffused by one or more of the 

20 diffusing surfaces. 

The optical pumping arrangements described above can be used for operating a laser 
oscillator and also as post-amplifying arrangement. 

OTHER EMBODIMENTS 

25 A number of embodiments of the invention have been described. Nevertheless, it will 

be understood that various modifications may be made. Accordingly, other embodiments are 
within the scope of the following claims. 



